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WE o mHE . 24, RRRNEUEAK, BAERNESHEFNE AR LR AAEY FEA
WEXEY, # RN TAKAT. FEENENEEFS TR RELERTA. REHFTNE A
R, PERWT KA AR TS T AR AT, K Na R CITIX kB AR 28 AR
P, IRAINaCLE A FR# FE i % 8. B, AR EMTELRENSWIE. ROK Rk, E&HF T TH LR

1R #h . #h 8 2 £ Ca”", H,0,, NO, eATP, H,S% 5 5 T MM S My H T F# 5 A THEE. AXERT A

W ERFE D FENFNEZH AR

Kigial M, mipi, BT T, BHEATHE, FTRT

LR — RN, 4RO A G
T BRGNS an S R Rk T T
. o B KA PEAR, BRI YR R N 3
TR 3 AR 58 77, WIS Y AE KK E . YK
WAIE =2 Ehhaa i, SR B ENa RICT, T T4
N B TPATIRES, JF 1 s M %((reactive  oxygen
species, ROS)H & i K k27 E Y. Na fehis Al
K 5e 4P SRS P ot TS0 T . T
XPEREE, MY SRR AT A I R R E
AR e ek Bk Sk Vil S kY TN S i BORE Sviali
T AP PR R NT M, KN HE B A

Fgb, s FiNa' X FRfb B B2y X, 38 £k hin
SR i H e .

TEMEYI, SOS{H 5 il (salt overly sensitive,
SOS) & YN Z HhmumEEREr —0
SOS3/CBLA4 5 Ca™ 58, 0T L AR/ 52 R (1 I
SOS2/CIPK24, HA7E M 1SOS2/CIPK 24 H H¥ i 1k
AT 20 _E fONa/H i [ 32 8 ISOS 1/NHXT, %%
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CIPK 2445 43 HAE, ] 1 SOS2/CIPK 2413 1",

R S e N LN 0 i 2N T e
FAEFHLE B R Y. A2 ARy, R
DUK: R B8 1 X B AL 2R 2R 38 S an i it vbl b, FR il
B r i B iE. M EATNa SNIERE F1, i REE
WK ISR, K /Na P47, Shia T, i aens
T R PR AR, ERFAR P T 1 ST, 98D B R A 5]k
(IR A5 S R A AR 2 R AR A 2 AT,
FIRE AT 2 —. A SRR E IR E =5k
R, B 7 RAHY £5 15 A FE L)

1 AW RS S0 B P AL

HAM(Populus euphratica Oliv.)53 A7 T 3E PE L+
IR X, I Lt X ME— B T R AR I = K TR
K, BAREP0 a7, AEKMEPET, At
AN I A SRR TSI R b, 35 BA A A% e s A 2k
BRI SR AR s m . BN, IR R T
W BEAR T L BUBRHI O (Populus  popularis), 3%
P BA PR 1) B 2 3 E AR R R 1

KIhMa T, #RRK /Na tR s T Ehil
IREVEEOA . Al HES A O 4% AR (non-invasive mi-
cro-test technology, NMT) il 744 4 22 B 17t i & EN,
TERDHAIA R A T, S AL, $ R BR
A HEN I BE 3T BTN B B AT K S
AR, RJEE R REATUE, R ANMTHE R
R &I, AR BAT SR ONa AMERE 71, JEF
I T H AR, ANRIING/H I [ F s 5 A
Hl55, REREHIHIA R A E A A, HNaClis 31
Na'/H i [ iaid i, $hia R, SRXiNa oM
22 L e v PN /H I ) S R SR L, X
WIS T, B0 B R Na H s iE

K ME T, SMNEREINCa™, MY ALY N5
FIBEAMMR RN ARSI, 1T ELIE RS0 38 0 5 b AR Ax
MR AR P, FRIRPIRAAR AR X IR K T R A
X B g AR Ca® B8 % B 1E 25 B AL B0 (19 41 I K i
(depolarization-activated outward rectifying K channels,
DA-KORCs)FEE L £ 14: BH 2 18 1 (non-selective  ca-
tion channels, NSCCs)HFF/i, AT £k irid i3 5 1)
K"4MjL, I HLBRINa 8 NSCCsifk AEAD A1, FTLA,
Ca®" B % 4 F KU1 26 il T Mk K /Na 85 71
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A7 RITE DA FHR AR ] X 43, Na'" 903 S BUAN [
el RIS a T, SR A(0~3000 um)
Na' ZMAELL B 2, TR AR ZRNa" (0~1000 um) P 37t
B, 7E1100~1800 pmill & X35, HIBL T B & HNa 4h
B AR KA S, HI IR IR R
(FINa Ah7E, TR LI Na iR, A4k
Tk, KIS EA AT T, SRR R B AN 4t
FERIH YT 58, T RE AR R R A R AR Na ) 4
FRAH PP s B2, R phan b e, 2
HGHE I IS R IR 2R JEE R AAH AN, ARG
BTSN R TR, LR R R B RHT
T TR, IR R B I A HENa [ g 715k
JT RN/ H W 5538 B A S . R NE R,
JRIEH -ATPase [ 41 MU /P52 HHT,  DASE 55 1 0 R 1
HAL B, AR T Na /H ¥ s, HimE K )
EWMNE R, NS (R ER R EH - ATPase {35, T EA
B HRIFINaH W Az A A (B D). A5 0 5
JEH - ATPased& [K 7 Y5 % ik 76 U ¥ ¥ (Arabidopsis
thaliana)™H, REREHE S I RS IT (0T $h1E, SERFIIRTFE0
B TP, B E KB R, Na'shHEfE
218555, 1M AR RA TR SRR R A4 RH R
R AR AR, BEIRE O INa /H 3 [ 5
BAK. AR AEE S, BEAOK T IEH - ATPase )3 1 4
%, PRI TEvE R N R o HE 7,

ERPE R, R AT DA I 4 2R P R A A A
N R AL BES TR m A A o B R R RE D,
AR R IEH AR TR, SR e S W
ARARF, fRSEs . E5m R R
b, B TR R T .
I T 5 R DAY B R I/ 7K AR I TR Pe XTTHIAE J0R . (Vi -
cotiana tabacum)H SFIRFIL, BEUEHGMHE T F A
JRALFRSE, B m i IR K 70, ATIFRRE I o 26 g 7
e g,

2 o R ME 5 S R AP T T LR
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B 1 i SR R P S R PR S MR (I 275 0CHR[19,57)). ERHA T, IR ANRE - EeATPE 5, il

(555 T, AH,0, /KT FH G, HLO 0% 5 LR FECa” I8 SN A1 M 1 Ca”™ R, HLO, M1 Ca” i IR BRI BN /H 338 [ &
R, VR R Ik AR 4R RR I N B P SRS PR A U H,0,, IVEIE SR M BT A LB AR R ), e A B E T B
S R B S AL, SRt B ATPi K PCD, T %20 Ji 32 5 Apyrase (113G 1, e ATPTE K W #h Wi T 4E R 783 B KF, 4
TPCDIRAE. FEERME T, FM B MM 5 3, RBOSAEHRF B8 1 TS AE PR SR04, AT 3 82 6 oA (9 245 FORE 1))

Figure 1 The regulation network of ionic and ROS homeostasis in salt-stressed P. euphratica (revised from Ref. [19,57]). Salt-stressed P. euphratica
cells produce eATP, the elevated eATP results in H,0, accumulation. H,0, activates plasma membrane Ca’" channels, H,0, and Ca”" stimulate Na'/H"
antiporters located in plasma membrane and tonoplast. H,O, enhances antioxidant defense system, avoid peroxidation of plasma membrane caused by
ROS under long-term salt stress. Extracellular excessive ATP induces PCD. P. euphratica cells increases the activity of Apyrase, which maintain eATP
at a moderate level under long-term salt stress and avoid PCD. As a result, P. euphratica maintain ion balance and ROS homeostasis through signal

transduction, so as to adapt to salt stress (color online)

W fE vk 2 ok s R T FE R AR R,
PURIMER . #OEH K. AFE . VAL R
LS RRE . YA R R A
WA B AL B (superoxide dismutase, SOD). HLIR IR 4
1k (ascorbate peroxidase, APX). &bt H KT E MY
fi#(glutathione peroxidase, GSH-Px). i€ %A/t &/ (cata-
lase, CAT)’Y. &4t 5 (hydrogen peroxide, H,0,)&—
PGPS A1, REEXHRE YAt f = A S| A 454, FF HLa
R DNARIR R S5 H5Y, [ H,0, 7T LUE 15
BT, B 5 IR EE A S R R,

AT S A L0, RENS B0 S 40 I H - AT-
Paseff)i& 1%, 3F HLAEW RTTK /Na P47, Shba e %
SR RGE A A H,0,, I HAR PR B s l, Bl
Je BT R B TR O i . £k P 3 I (R) A T AE IR,
AR AE [ H, 0, th A8 IE B i s, (E2 B AR T4
YA H,O0, B KA. hHE R, #HM4 H AE 5
0,0, AER B A A X PP s Bk
FE. fEERpE R, B S0, 0 LME N EE S
ST R ENEB IS R H,0, 3 B i oS 5
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DPI(diphenyleneiodonium)fIDMTU(dimethylthiourea)
TEE, IR TCIE4E K /Na B 1P . 7E A
Harf, H,O, R0 0% i I Ca” @i, % SCa” N,
A2 M5 T Ca” W, it SOSIE 5 SR R BT
FENa /H 3 A iz & A", 0@ i 5 e R T A
WEPE, BRH 7K 4 FIDA-KORCsFIDA-NSCCsf it k.
FTLA, Sk ae 307 A AT H, 0,2 12 5 41 i 55 11
M EERES 5. mshBURE A, £
Eh P S TR R A H,0,, BT AAS RS S I 40
B - i,

EhiFE S AN = 4 H,0, 5 5 I _E 5 118 5
BB YIM 5%, 8 FUH - AT Pase T 2 37 /5 1~ Hifk
SRS FEIREN R, R ARNa/H I8 A B s AR s, 16
HRGE NI, S B0T MBI B AL A0 i 5 B R 1k,
20 N ADPHE L BB 0%, AL H,0, 9 4 i BY,
H,O, 0% i I Ca™ 38 i Ca™ PR, 4l P9 Ca” 3l i
SOSIE 5 ¥R WIHENa/H W I #IZ E H. H,0,i81
Ca™ TR 1115 5805 T IEEH -ATPase, 7= 2E P55 T
Bk 2R 3ARR B, ORE R IENa/H 3 [ #4638, BRAKEE Ml
A EACRERE, FR&I T KR 2 B AL I
KEIER, 457 7 HM4 M K/Na B 1 P45 (&

1)[19,35~37].

3 WAL T R S IR R 4

MIEY)E 2 R, S B A a4 s
T R R R YRR PRSP . SR a s
PRV A Z PGS TR A & R, B
nca®. —% % (nitric oxide, NO). Mfi#}ATP(extra-
cellular ATP, eATP)[38~43]. Ca” REINE (51, h
T, 4UHL P9 Ca” WRIE T, SIS SOSTS S ik, SOSik
R P RS ) B A 5 S 8 Sae a1 NoRE
R 0 L 5 TS AN PR P T
BT, NOREWSIREH -ATPase1 A /K, HsRAEY)
PUE LB 3 AN/ H 3 [ 38 R A s 0,
ERETR, AR R ISR EINOZKE, T#EAR
ARG ANOY. Eha T, HIgniEE — 5
A A R A ENOM A B, NORER A4 i
JRIEH -ATPasefHiE. ShBURIIBE ML il T
AREIRH AR HNOKF, I EH -ATPase. Na'/
H Wi fiis /4. PUALitA & DL EOE, S
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H,SRERL 1 3T A FIBE AV /Na 1 T P15, 7
NaClffitt , W FfAz 4 #R R B H K4, NaHSFR#] T
WA NaClE SHK MRS, ZE5 T, NaClif 51
K AN e i 4K mIE 0 F TEA BT, SMIR iR
SR RH -ATPase, #27 7K HISMA. X i BNaCl
75 G KR 2 2 i 25 M Ak B K4 1) B I i
RGP NaHSAEGS(E N [ A7 LR S B2 IH PR
H,ST] e 2 i 1 32 & i B Na /H 3 5] #538 R 4%, 0 7
Na' FIH 28, FHHAE TR LA, BEMEPR A
Kl

e ATP VR AE W) 1 A5 4K I T RH Ko 108 358 Jolp A 1103 .
eATPREMS I TA A L 3. B SR E A K.
AR A EE O IR e g PR 4 F Ca”
WREE . ROSFINOMIZKF ) ZENaCIML R, ##
R AN ATP K- BB T 5, SR 5 88TV &2 22 06 1
K, IF E4ERRRa RO hbhin AE A hn B 40 i
H,0,7KF, X4[HIreATP(E 5 f5, SHAHM A H,0,7/K
FroeTtE, IF BT A ERE M2 B0 H 0 S F,
AR AL 5 B Na X BRI MG T, 24eATPS S 4%
PHITS, B2 iNa A7 BE40 M5, T HAG58 7 40 )
FALFREE, (2RE TR AR, B SR a i S
cATP(Z 5 et i Na FIK s Bzt thiha T,
BT e ATPAS 5, 239 nCa” (4, FTANaCI
P57 M A Ca”™ VR RO IR I T e ATPAS 5.
iR A6 E U5 B N A 4E e ATP I ZK T, 24e ATPAS S5 4%
FEIT S, BHAZ A0 M i 5 1 B S PRI, SR HS 4 o o
Na fOFL R W P Na IR RRAG . KAMAR G I LA &
PUACEEIE T B, XU BHe ATPXY BHAZ 41 B Tt 25 g
FEAEREEERD. ERPSEma T, W
B 2R SIS B e ATP /KPR 15 X0 25 il de (1) 3 B
7. eATPE S HEFHW 5, ShWhia N s m 1
H,O, 25 f{1Ca” /K F, TiCa’ MIROSZ: 5 T eATP
PR RIS 5 AR (D), BBl eATPXT
A 4 L B B T R 5 1T B L S H,0, A Ca™ (3
B S ok sSEELI R,

R FE IR e ATPRE S 5 3 #4741 ot BLRE e P 4m
JIZET (programmed cell death, PCD) R EERFHE, LE
WA ISR . S TR AR . DNA R B AT T
PRI RES) ATPE K B4 BPCD RIS L, W HER
H & A AT 0. ZEGI I PCDI RE b, £ Bl 5 2okl fA



REBE: ARl 2020 4 503 A2

Cyt CHIBEL, eATPAENS S HHA: AN A I L b AR R il
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(R A A B BRI, X 1 B R LA H, 0, BE % 1 4%
MY HIPCDIE R, 75 ATPRES I M 41 fluPCDE
FErh, 20 Ca™ &% S LRI ARH, 0,7 A Fll 2 46
WALH L35S, eATPHT LARE I 4 Ca® HBRIN P97,
WA AT BRI Ca” BIBEIL, 3 S 40 K IRk 1) 4 4
JELJ5R vk FE Ca™ 1) e e,

BT Bk R a4l R R R A
i SRS 5 S i E LA . NaCllbe F, %
PeJ3[RIEETHE, MPePKSSIHZRikE R ¥PeJ3
FEFNFE I+ R Rk, HIH] T LRI IT AePK S5 3R IX,
(B2 AT B 0L R R A 30 B k0 A,
AL Pe 30 ST S B AE MBI E SR AL, BAR AW
AAFR USRI ER, b Pe3M LR I AER R
FREBARIRE AN, AR &5 R W, #4kPes3
FRIA0 R I B A 0 A HEN g 1 DA AR R A
it FikPes3 i T FIEH -ATPaseff & 1k, Jf HIG58 T
H,0, 15 51

R RE 51 S M PeJRLEE R 2615, ¥ PeJRL
TERNEE T R Rk, REEHE = % L R 40 e T I it 25
311, PeTRLAEHS (34005 T 76 £ irie R4 g 7P 48,
JR K E T PeJRLAEW LiHSOSI, AHAIFMAHA2HRH
FiA. AT, PeJRLAE M 8 i B il i A B 25 1 117~
AL SR BTEALERROTE . Ak, PeIRLALHSHIHI it 7%
IR (abscisic acid, ABA) A E AR, AT FH 1E FHABABL
T PRI M R 722 2 A0 O T R 3 2 T A,

Yt PeREM 1. 3% NI F R, $8m T
TR i ER . 3 ik PeREM 1.3/ M, SOD, POD
FICATHEVE L $ iy, M B AR TS 1 K7, 1f B S
i} £ 40 2% LK SOS 1, HAK, NHAL, VAGIFIPMA41]
oK P B S S PeRINEE R fe 08 12 5
PRI RO 2ok, T ik PeRINAKIRK &, JRIEH -
ATPsaelP)iEER =, fEERWME R, 3R IE PeRIN4E
RAMHEH RN B T (R S5 T B AE ARG T, M
K B AN 55 T B 2E R PeRINA TS LA s H 52 () Jii
TN Su s, FO R ) 2 AR A R DR AL R T )
i £h P Mg A PeAPY 1/ 24E MRS 7 it ik, BE
W1 B Apyrase (I BEVE, T e ATPIK & & % & vk

PESEKCT. [RI, i FRGA R R I T R R T A B
PESR AN H,0, 7K1, BEAR T35 1k 4500 J g fr) ik 450
e, DRAF B RO AR AE PEA AR RIS /0, e 2830 i R O T

EI:IE ‘THL‘[M].

4 g

EhE S, fEYE I SOSTE S im e, K4 i it
B Na 8 2R AMA S F], s X AL EE R, I
HAEMM R PR BK, DU TP ca®,
eATP, H,0,, H,S, NOTE {55 7F, it B ¥l i
BAE WA, 25 7 A R e i B
RIS R 2 HURAEMIAN ], Wi LA S R 4
K AT SR AR 5. M AEE N R s i AR
W, AETESHRE. AARAEME RS, AXATR
TEPDRIRE . B, A R ERESEF RA 2
A, WHAESE N R AR ST
M $hM5 5 MR Z4 b, NAZsEA M AEYER Y. 21
W GRS R T, SRR A T £ 1
BES @ S5A.

I o e R B R AN AE BRI & JE, A
TP SR L b, D4 7IERAl. Bt
. 3PP G RIR R KF. Ehia F i
WA PR FFAR S~ FA0 - P R 1 S P A T 9 11
et NS, DAL S 45 AR T R [AN i E v 4
B, ERERRIE W TN ERE. Raudttb i
KU, H5EAE S SAE PR O R
A RER R AR TH S 2 . RASRIIME.
e BARIE, T B S RE AR ROSAR Y
FHOE 2L IR A FF R R M R TA &

T ERBUR IR, o] DU s B AR
WA T, IS PR R e A R PR
P TR G R I RS M i B . JE i
NN BRI B 0 H AR R 3T dmf, 1T LARR s i
IPLERRE 1. MWL EL RS 1 00T At — A B 2 S R
IR Z R, BTLA, Nzl 2 BN St R AL fh el
VAT T8 B 2 AN FE DR 1 3R 08 B B SR i i 1)
JLER BE 77, I BN s A AT A2 25 KU DAl A
2, F B RN 2 SR, BRSO ARAL . AR
RER SR 2R P T R R BRI R 2 R P IS,
JEEATEAESBE R,
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The salt-stress signaling network involved in the regulation of
ionic and ROS homeostasis in poplar

ZHAO Rui"” & CHEN ShaoLiang'”

1 Beijing Advanced Innovation Center for Tree Breeding by Molecular Design, Beijing Forestry University, Beijing 100083, China;
2 College of Biological Sciences and Technology, Beijing Forestry University, Beijing 100083, China

The fast-growing Populus spp. distributes in different climatic zones, and is widely used for tree plantations and afforestation. Besides
its economic and ecological relevance, Populus also serves as a model species for elucidating physiological and molecular
mechanisms underlying plant growth, development, and environmental adaptability. Salt-affected soil and secondly salinization is
causing increasing agricultural and environmental problems in China. Populus euphratica exhibits a higher capacity than other
poplars to tolerate salt stress. P, euphratica compartmentalize salt ions, Na' and CI', in root vacuoles, thus diminishing NaCl loading
into the xylem. P. euphratica roots promote Na~ extrusion into apoplastic space, and simultaneously reduce K loss under saline
conditions. This enables salinized plants to maintain K'/Na" homeostasis under salinity. Salt signals, such as Ca2+, H,0,, NO, H,S,
and eATP are involved in the regulation of ionic and reactive oxygen species (ROS) homeostasis. This review introduces the
important advances in physiological and molecular mechanisms in poplar adaptation to salt stress.
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